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fHB ZKnUflSKOE OP 0R3AHX0 AGWS AMd BA6BS OH fHB 
MClBItlTT OF mm mAW M&TAtS 9SII0UC3R AI^ IOAIO! SOH. 
Xatro^notioii • • •' 99 
lf«t«rtai« «Bd «etlioa« • • • 60 
8«miU mm diseostion • * • ^ 
A«f«r«iMio« » # • 0S 
miES ifrm.iSBBi> « « « s% 
ABSTRACT • • « 8f 
Soil i t « prodoety r»tiiltiiig froa ditintigrattoa anA 
afteo«iH>«itio» of iroek«» pUti«« and antiial iiat«ri«la« ft 
|M>aa««M« a dlatftnot non^ologloal^ alnaralogloal ana ftiiyaieo* 
obawiaal groperti««^raatil.tliii triw eartalii iisharltati6«| tnm 
ita tmlqita poaitlon on tlia aitrfaoa of th« aartti end troa ttta 
•Bvironiiantal faotora axiattng ai tbat poaitlon. 
Soil ia tarsr eoaipiax in nature and eonaiata of mainly 
fiva inportent eonatituenta navalyt miiiaral aattar^ omanio 
natter« air, aoil watar and liirSng organiama* 
mmnAS4 nAnmm 
fita Minayal aattar, ia a prodnot of pbyaioal and 
obaaioal waatharing of roota oonaiating of p«i*tiolaa of vaiylng 
aiaaai thoaa in tlia finar atata of aalidiTiaion <<o«008 an), 
fora tlia Olay fraotiona» Xt ia tha «oat aotiva and raaetiva 
portion of tha aoil • imila tha eoaraa fraction oonaiata of 
rooka dahria and aand« Sxtanaiira attidiaa of x-ray dlffraotion 
pattarna haira raraaiad that elaya are eryatallina in natara and 
ooMpoaad of few aiaipla hnilding anita^*^« flia eryatal atmetnraa 
of elay ttinarala hA'w haan diaeuaaad in oonaidaraiila detail tf 
Qria f^ Maokanzia^ f Marahall^  and Tan Oljphan^  eto» fba elaya 
are oonpoaad of alternately parallel two diaenaional layara 
fomad froM ailioata tatrehadra and alnainate ootahedra aheata 
tetrati«droit mi& ••ootid emit oonel^ts of two •h«ot« of eto»«ly 
paolrod &xy$m or liydrcwtyl to whleh Al , ?• or Mg atoiH* • r * 
eiAi«dA«a to oetabodraX ooordtoation* Ooiititoatioti of tboso 
•truotttral mttn gtwa tli« •traotoro of tti« ©toy atotral* tHat 
«r» fointd to ttt« foy« of oolloid et»y fraotion of t}i« solla* 
tarioas iyp$9 of olay wtoeral ar« di»triliat«d to fiatiir«, •oiM 
toportaat of tbea ar«l nmtmvtltmi^ttt^ ZllitOy Ter«leaXite, 
Chlorito, Kaoltoito and AiM»r!)iiotia olay«» Vhaca ar* sad« up 
of fione baoio errangeaoat of t«trah«dra and ootahadra !«•« 
i t l and Stt arrangoiMiita* 9%ie strootura of «oa» tnponaiit elay 
«toaral8 ar* giir«fi to FIga* i and 2« 
lloiitMorilloolt«« aro «ifa].tiBg and attoky olaya. fh« 
itruetar« was f i rst •aggest«d l^ Boffmami at al« fh« atroottir* 
o id 11 
nodlfied latter try ffariAiaU^^ Maegdafraa^ and Raadriek* is 
now ganeraiiy aocaptad« NontMoritioiiite have 2 i i arrasgaMant 
to irhioli a alngla oetaliadral iriieat of alimifia joiii«d to aaob 
aid* tiy tlia tatrahedral aliaet of silioa in •andwitoh faahioi 
1»y sharing of oacygan atoH»« Maraltali^ and fi«adriek ^o«r*d 
that «oBt»oriI10Bit« always diffar fro* i ts tbaorotteal foraulia 
(oiO^SigAl^ OgQ^nRg'^  l)«oaus« of aahstitotioa within th« lattio« 
of Al iiy Mg, F«, Kn and Cr Ate* and of Si by Al or F| giiring a 
•ori«a of group aiinarals* X*ray •todiss hava shown staokrlng 
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1(a) DIAGRAMMATIC EDGE VIEW OF KAOLINITE SHOWING TWO COMPLETE LAYERS 
THE RESPECTIVE CYSTAL UNITS ARE BOUND TO EACH OTHER TIGHTLY BY 
AN OXYGEN-HYDROXYL LINKAGE, THEREBY GIVING A RESTRICTED AND NON-
EXPENDING LATTICE. THE ADSORPTIVE CAPACITY IS LIMITED. 
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1 ( c ) ILLITE HAS THE SAME GENERAL STRUC-
TURAL ORGANIZATION AS MONTMORIL-
LONITE EXCEPT IN RESPECT TO THE 
LINKAGES BETWEEN THE CRYSTAL UNITS. 
HERE K ATOMS SUPPLY ADDITIONAL CON-
NECTING LINKAGES BETWEEN THE CRYS-
TAL UNITS, THUS SUPPLEMENTING THE 
OXYGEN BONDING. THE EXPANSION IS 
SHARPLY LASSENED BY K LINKAGES, AND 
ADSORPTIVE CAPACITY OF THE CLAY 
LOWERED. 
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K b ) DIAGRAMMATIC EDGE VIEW OF MONTMORILLONITE SHOWING TWO COMPLETE LAYERS. 
THE RESPECTIVE CRYSTAL UNITS ARE LOOSELY BOUND TO ONE ANOTHER BY WEAK 
OXYGEN LINKAGES WHICH ALLOW WIDE EXPANSION OF THE LATTICE. THERE IS 
HIGH INTERNAL ADSORPTION OF WATER AND CATIONS. 
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C r O ^ C T " C r O T X " IS SET RIGHT BY THE PRESENCE OF K IONS 
SITUATED BETWEEN ADJACENT LAYERS SO 
THAT THE NET CHARGE IS O. 
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THE INTER-LAYER CATIONS ARE FREELY EXCHANGEABLE. 
FIG.2 
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of •iliea-«ttuiilii«««ille« unit* tn the C<^lf«oit6ii^ lajrer* iMiiiig 
oimttBitoiis til «t-jBm& li-diMOtioii wltb tb« rtsalt that thtse 
eat^ rt a vaak honfl and an axealUnt oleairage betwaen tha«i« 
Water and athar polar volaealaa oan aaelly panetrata hatwaan 
tha tmtt lajrar oauatng the lattioa to aacpand la tha e*^ir«6tioii, 
fha dlsaneioii of o^axls ifif tharaforaf not tixmA l>ai f^ariaa trots 
9«6 A to auliatafitiaily easpleta separation of the Indiiridaat 
layers ie aotia oasai. 
It poaseasas high Ofttion asiohoiige oapaeity whloh varias 
froB 80 to 120 ttiQ/iOO g et&f^ 
It has heen nelX eatahliShaa that i l l i t s has vary 
8l»itar struotttre to that of MontMorilloaita having gfi type of 
hasio unit straataral arrangenent '^ » , Boirever» it has a 
large nmihar of potassina ions hatwean the sllioa eheata of 
tha two sooeaasive naits that set aa a hrtAga in holding 
adjaoent layers together so tightly that water cannot penetrate 
hatwaen the»# the fomnia proposed hy Bendrioi; A Eoss^' for 
i n i t . 1. (0H)» ( B . i ii.)j gg <8i,_,„ Ai^ ,„) (Ai, ,^ r .5*^ 
^0.3a "*0i,8' ^20* 
The sise of unit eell i s 10 A « Aaiorphous suhstltotlon 
is possible within the lattioe resolting in wide variation in 
their oowposition* Beeause of i ts olose strootttral siiiilarity 
to prinary vies^ i t i s oonsidersd to be a aevher of the Mies 
6 
group* Xi« oation •xehang* eapaoity imri%» from 20«40 ««<|/ 
too s «ligr, 
fb« ctmoturf of irofitloatit* vns f i rs t voxleoA out by 
Ifi 17 
Grtmor tnd lattor tuodlrfiod ^y Sandrioks end 4l6ff»rsoii '« 
fteo utmotttr* is •iaillar to i l i l t * %at lias ^ a Ijtyara halA 
fliora vaakly togattiar liy byiftratai nagtias&itii (6 iratar notaoulaa 
in ootahaaral ooord last ion ivitti ng) ratbar tbati i igl t t l r hmm& 
K ions* 4 gOBoral fomula for »ataral vamioallta is 
CoH)^(f|g»Ca)CStg^ A^)0ig*f^gQfB^O frtiera a « 1 to !•« and 
y^  m alioiit 8« 2t hat aK>ra sweltiag froparty than i l l i ts but 
not as Ynaeli as aK)ntnorilloiilta« 
•MIMtMMnMMMK 
IS 
VKa strttotax^ of ahUorlta is f ifsii lijr Ooii^oa • t t 
is oftaa eallad 2tS t^ rpa of eUy liaoaast i t is siaiiar to tha 
unit lati ioa of vaxniouiita axoapt tliat hydratad nagaaaius 
in vamioulita is a f i m l y %onAad awKnasitin hydroxida ootahadral 
shast. thus a iayar of ohtortts Itaa two silioa tatrahadra, 
an alnaina ootahadra aiiA a itagaasiUR ootahadira shaata <2t2)« 
Gbloritaa <lo not ssail vliea wattad iritb «atar« The oatian 
axobanga oapaelty of otaloritaa ia mry iov and vary fro* iO to 
*0 mq/im g eiay. 
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5* ii*otiiifgi 
itmetur* ira« fiviit sQgg««t«di 1»3r rAnling "^ ^ Xt wa« vork«d out 
fli« •tfotttoart of tlitB mimvBl %• ooapoMd of a t ingU 
t«tx«li«Ariil tticet of • l l ioa And a aingla ootahodral alieat of 
almtiia ami emUbim^ iitoli that ttia t ipt of ciiloa tetirafaaarai 
ana a layar of ootfttiaflral aheat fom a oomoti loyoft the 
alnaral thus haa a I t l ttoii««xi>aiidiiis laitioa» wtiero two aajaoant 
aheeto a?o tlitia tieia up togattier ^ hydrogan feonSi* Eaolinitaa 
hava atioli atrong tiyarogaii l»oiidtog ttiat they do not atlow water 
to ponatrata betvaati tha Iayara« 9)iaaa olaya tiava ttierafoi^ 
t<m awetling propartiaat Piaattot^y oi^aaion and abrlnliaga 
propairttaa ara alao iratir low« ftia atmiottiral fonmla of 
ieaolliiita la ('^'^)^^\^tfii0* ^ ^ *^*« ^* ^ ^ wilt oal l la 
7,S A 9 Kaollaitet oaorltay ttaltoyalta and dlokita ara tha 
iaottara of thia group* tha aatioo axohanga oapaolty of thla 
•inarat la vaxy low and irarlaa froai 5*19 ttaq/lOO g olay, 
Vhaaa ara tha alxtora of allloa and alualnay ooatatnlng 
waatharad oxldaa of Iron ato» that hava not foraad wall orlaotad 
eiyatala, fhay ara aoMaon la aolla and oxlata in Taiylttg 
proptrtloa* Thalr propartlaa mvm nanally naeoHaon anoh mn h l0i 
8 
positiv* oliayg« or ttnioii •xcliaai* proporty that d«iMiid« upon 
tlM pe of tli« soi l •oliitioB. 
80IL ORgAHlO MATTER (SOW) 
Orfftnlo «att«r 1« «» notliw «aA roaotliw portion ot 
tte ooil* It proffento an aocnwilatioD of partially daoayod 
and partially ayathaalsad plant and anlwil fealdiias. Snoh 
Material la oontlttoally iMlng lirokaa doma Into anallar fragManta 
by Mlereorganlaata* 
Tha organle aiattar oontant of a aoll la avail • only 
abottt 1 to 5 paroent tuy walgbt In a top eoll and daoraasae tflth 
depths It Inflneaoaa ^ a aoll for tu i ty and plant growth* 
Organlo nmttar ftinotlona as a *granalator* of vlneral partleloa 
halng largely raaponelblo for tha looaa, aaally aanagaabla 
ooiMlltlon of prodttotlTo aolla* It la also a najor aoorea of 
tiro Ifflportant vtlnoral eleventat piioaphoraa and aulphnr awl 
aeaaatlally the aolo eouroa of nltr^aa* Organlo aattar la tha 
•aln souroa of aaargy for aoll aloroorfanlana* Without It^ 
hloohenloal aotlTlty would oona praetloally to a atandatlll* 
Organlo MOttar oontalna hlghaat awount of earbon 
(aho«t 59%)9 with laaaar anoonta of hydrogant oxygottf and othar 
alaaanta» fha oai%on ataaa Jolnad togathar In oart>(» ohalna 
of -varying langtha and llnkagaa that ara tha haalo *akalaton* 
of aoll organlo Mattar* Sydrogaa and oxygon atona addod to 
•any of tha aarhon atasa, plna aaallar aaomta of nltrogaa« 
talphnr, pbosphoras an^ otli«r el«iieiitff» male* up the renalning 
orgonio Bubfttanoes oonprleeiS of Itgnin and proteins <tfae 
lafgest percentage)9 amino aolde^ oellnlose and otlier eavbo* 
tijrdrate8| oil0« waxes omSi tannins eto« 
Soil organio cot te r oonsiste of two general groopsi 
(a) original tlessto and i t s par t ia l ly deooiapoaed eqaivalents, 
and (!»} tlie linmaStt The original tie&ue inolcdeo ^ e tnideoanposed 
roots and ettoots of higher plants* These materials are eabjeotcd 
to vlgorone atteole tfy BOil orgonisiss^ both plant fuc^  aniiaalSg 
\^ioh u t i l i ee them as a eouroe of energy and t issue • building 
siatericl, 
Vh9 gelctlnotts moet resis tant pwidoots of th is deocKs-
position, feotb those ^mtheoiKtJ!! tsy the iaioroorecnts»© and tbosi; 
modified tram the or ls tncl plant tissue are collectively c-llofi 
as homus* This ffinterlal i s nsKally blecls oy hro\m 1B colour 
and colloidal in nature. I t s capcwjity to huM water and plant 
nntrients generally eisoeeds to that of c lay . 
Bneias inay be divided into two najor gronpst 
! • Ilaaie sob stances t Transformed nroducts bearing l i t t l e or 
no reseoiblanoe to the anatomical s tmotare fron which they 
are derived* 
8. Il<m«4mmic substancest Unaltered renains of plant and 
aaiaal t issues and also organic eompouads that have defini te 
characterist ics* 
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The liiiiBio «ia»8taQce0 nan b« further saMlvlded Into 
29 thime major groni>» 00 given hy Batierjee 
^ ^) Hwio aotflt wtileh i e solable to aUcQll end tosolotrle 
in aoids* 
( ^ )^ g^tvio aoiat fioialile in t>otIi alkali and aeias* 
(^ ^^ ^ '^ ^wiot insolulile in botti alkali and aoids* 
Tlie abetsietry of btmio end falvio aolda ties extensively 
tieen studied tiy Sehnitser , Sban "t <aioeh and Sotmlteer "• 
Maeronoleonlar etrootore of hneiio substaneee vhioli goverae 
nearly a l l properties and reaotione of tbia natoriei tiave been 
studied by nmxy vorkera* Bat onfortonately tbe available 
literature i s In tbe direct oontrast to eaob otber* Plaig and 
Beutelapaobe ** beve ooneidered ^ a t buaio aoids are rigid 
sphero««olloid6 while Visser ^| Orlov and QorSldcova^ have tbe 
ooneept of globular partiole* In other observations, Mukherjee 
and LiOiiri^ and Rajlaksbeni Ot a l , have reported that RA(s) 
•re polyeleetrolytes vitb flexible linear eonfiguratiim* 
So»e woilcers Iban $^ Obost and Sobnitzer attempted 
to bridle tbnse two ocnflicttng ooneepts by proposing that bonio 
aoids and fulvio aoids behave like a rigid epberooolloids at 
bilker oonoentration, low ta or in presence of neutral eleetroly* 
tes but they are flexible under tbe oondition of their lower 
eonoentration provided that tbe pH i s not too low, Cbenioal 
eonposition of btntio and fulvio aoids have been an interesting 
field for soi l obeiiist* fixperinents on degratative, potentio-
11 
•etrio gas otironatograiihy andi mass speotroi^tiy have 1>eon 
26 3S 3% 
eomiluotea Dy Soh&itaeer , Stevenson , Chen et al**^ to obtain 
the Inforaation of the oheaioal constItutlon of hoalo «aterlels. 
Xn i;eneral hmiio aoid noleenies are eoaipoeed of an 
aronatle and aliphatio parts «hloh are linked together as eviaont 
from the voile of Zonino ai^ Slartln "• Bimlo acid consists of 
I^enolle and other aromatic units with oiolno eolds^ peptides, 
poXys£usharides etc* fhe foaotlonal groups In bttmlo acids are 
oarboxyllc, iihenollOi aloohollo, oai^onyls, methoxy, amino (JSa^), 
eoconlary amine (-^ ilin-) and ring nitrogen. All these groups are 
olootron doner, hence can ooordlnal^ with the imstal Ions which 
behave as an electron acceptor* fhe molecular weight of these 
euhstanees ranges from few thousands to 2,00*0^* 
Sohnltzor ai^ Ghosh"^  have given the partial chenlcal 
structure of fulvlc acid as followst 
C^D. 
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Tarioos typts of lat«rttetlon8 withiii the building bloo&e 
i s possible^ 600b tts vander voale, X-A boiling and bydrogea 
bonding vhicb laiiltett tbo straotore nore fleseible into building 
bloeks that ooald aggregate and diaperse reveraibly depending 
upon the emrironmentQl oonditiona each as fHy icmio strength 
and nature of »etal ions present eto« 
Buisin i s the fraotion of bomas fibioh i s strongly bounded 
to tbe elay surfaeee* fyurln and Gutfeina^' have ^omt that a 
part of busio substances present in the for^ of huiain fraotion 
and i t noy bo oonoluded that i t oonsists of honio and fulvio 
Bom& given %y Kyrin*®. the only atsteronee botwooa the htmto 
aoid extracted tram hasiin and deoaloifie^ soi l i s that hoiBin 
esftraote'' f^ rom hmaio aoid oontains lower f^rocntoge of osygen 
end hydrogen than deooloified soil estraoted hnaiio aoid* 
Bauerjee and ffatcherjee*"^ have further divided hmiln into fulvio, 
hnaio and hyi8atoi«elottio aoids* 
Clay fraotion of the soil containing particles less 
than 0.002 sn in s ize , possess properties very much like l^ose 
of typlca 1 colloidal substances* Hence these particles are 
known as soil colloids* They provide the reactive s i tes of a l l 
the physiooebenical phenoaenon occurring in the soil* 
The crystal unit of the clay particle foms a very complex 
anion exposing a highly negative surface and i s known as Micelle* 
13 
Xt atiraote ttie positiT^ly obai^ed cations and resitlta In the 
toraation of eleotrioal Aonlile layer irtiare tlie aegativaly 
ehargcd nloalle eonatittstee the inner ionio layer and tlie loosely 
held eationa enrroitsding the negative nnolena, totm the outer 
layer* Vhen enota particles are dispersed in vater^the cations 
get hydrated and then dissociate to a certain distance from 
the sorfaoe^ finally leading to the formation of a diffneed 
electrical l^rer* 
Colloidal clay develops negctive charge In two ways, 
firstly thrtm^ ttro&en hoods ciroimd the edges of the silica 
Qltnaina oaits ^tm rise to tmsatiefied etiorgee* fhe dtssooiatioii 
of hydrogen from hydrosyl groups attached to silicon in silica 
^eets leaiTee rosidnal oiygcn carrying a negative charge. 
Another way in whicSi the ncgatlvD charge is developed is due 
to the isoBioriAioas soihstitiition of trivalent alnminion for 
quadrivalent silicon in the tetrahedral sheet and of ions of 
lower valence particularly fBagnesima for trivalent aluniaioi 
in the octahedral sheet within the lattice structure. 
Clay suspension can neither he classified as purely 
lyophllio nor as purely lyoi^ohic colloids* Vhey can he placed 
as intenMidiate between lite two well defined classes* In view 
of the inportanee of fAtysieoehenioal properties liire eleotroneric 
hehavionr at reversible electrodes, ionic adsorption and esKChange* 
thermodynasio eqnilibrim, ssetapotential, visoosi^ and cliqr 
organic interactions when investigating clay Minerals and soils . 
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• erltioal stttdy of these properties oaii provide reetiXts of 
great signif ioanoe • 
Soil |ffl is an Importaat propertjr as i t oontrols the 
eTailahllity of natrionts to pllantSt the haoterial aotiirity aoA 
physloal oondition of the 6oii» fhe pB i s defined as *log|_Q iM** 
fhe relative oonocntsimtioa or activity of hydrogea 0^ *) or 
hydrosyl (OE) ioas present in an aqaooa© eolntit^ represents 
the eoidity or hasiotty of that solntlon* 
Aoidity in soils arises from s^imral different eonroesp 
like the presence of hnnio sal)stances, natore of the alttmino 
silicates in clays and their l^rolysis* presence of hydrons 
oxides and other solnhle salts* 
AlnniniuK ions of the almsino silicate layers of the 
clay lattice undergo hydrolysis and in acid soils an aqnilihrina 
exists hetween hydrogen and aliminiiai iout As the hydrogen ions 
are prodoeedt they intnnii dissolve sons More alminiiM frox the 
clay Mineral lattice, m hase satnrated clay cysteas, hoth 
hydrogen and aloaininn are present as exchangeahle ions, Hydroas 
oxides also affect on pH of the soil « 
Zt gives an idea ahont the total soluhle salts content 
in soils . Soil salenity scale hased on electrieal condnetance of 
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tli« extraet* Blcotrieal condaotlTltjr Os*0*) of a solotioii 
in wSiOB i» ttm r«eipro08l of Vdsltiaaee (R) In Olms* 
B.C. • -
WOT oonipeiiieiioey oondnotanoo te often enpv6&Md ee 
nilLliB&08 (1000 tSiMs labos). For saline so i l , tb» ealt oontent 
l8 isore than 0.39^ or B . O 4.0 niiifoos/eiB. Bleotrioal oondttotlirity 
of tbe irrigation waters may range ftrom O.i to 0*75 isndios/oiB. 
Bii^ talinitjr basard i s Inonrrefl in the ease of irrigation water 
having oonaootenoe tsaoi! above this range« Tito salinity i s dno 
to the presenoe of IfaOl and Ha^^^ ®^  solnhle salts in s o i l . 
B3G0IIAH{»ABUi CAT1D1I8 
•llJ<IMHIWlTI!1 i j . , ]tii|<Hl|W1iK,;»HJti.ltHWiMij!IL[m»ll|i»JlSW| 
fhe olay lettioe oarries a net negative charge vhloh i s 
eonpensate^ try eations vhioh are Itooatefl on Hike anit layer 
snrfemes. tn presenoe of water, i^ese oorspenisatin^ eations have 
a ten^eney to diffttf^e away tvtm the layvr sorfaoe sinoe their 
oonoentrutiott i s snaller in hnUe solntion. these oompensating 
eations aot as the oonnter lans of the donhle layers and are 
eaehangeahle for other eations. Xt was eonslAered that the 
replaetng power of the coimRon Ions was Ka ^ K < Ca < 1% ^RRj^. 
Iiatter stodies« however, tihowed that there was no single nnivertal 
replaoeahility series. It varied depending Ufum the experinental 
conditions I the eations involved and the kind of the eley wtterial. 
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fii« ofiimie eationt eaa also rtplaoe tho inoifaaie 
eationa daiiBliig •xobaaga adsorption* flioro appears to 1>« a 
atroiig ^vforeBOO of t!ia olay^  for orgaalo eotioa* Botb intomal 
and extomal altos aro ooonpiafi* The exohaneealiia eat ions oan 
Bo«atl»ee form oooi^liiatioQ oonptexes vith adsosliate itke urea 
and other organio liases sueli as nieotine* Pj^ '^iaiBO fonss a 
strong ooordtnate liond vltti eaeohongeaiile eopper* 
file property of ton eso&cngo &:eQ. tlto exohcng® roaotlon 
aro of gro8t fim(3£ffiK>iital imtl praottoal iraportono© to el l the 
fl©M£3 iQ TJliicsii o l ^ Botorlole or© etttSieS ona aeeS* CSioiatOQl 
and i&ysiooi pr<Kseeee6 in olqye cnS soils or® i^re or less 
inttostely oonnootefi witli ioB ©aeoliaB^ teclcfSiag the weathering 
of roclse, ntitrionts adsorption t>y plciit®t swelling ana etirin&ing 
of o l^s 88^ leaohing of eleotnilytes* Ion ejcohange nay, 
therefore, lie oonsidere^ ^ as the aost Important auong the processes 
oeoarring in the soil* 
Clay has a net residual negati'V^ oliarge for various 
reasons like isosontious stfl»stitotion of stmotural elements, 
unsatisfied iralenoy of oxygen ion, ionised hyd^ rogen fro» clay 
hydroxyl ions eto* Positive ions (eations) are adsorhed st 
these negati<vely eharged sites hy eleotrostatie attraetioa* 
These adsoz1»ed eations resist their renoval hy leaohing with 
water hut oen he replaeed hy other eations in solution hy vass 
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aotioa* 9tii0 «xohaiig« of one posittTO loa Iff another ion with 
tho ^tpivaleat ehorgo^is oaU«A ttation oxohanga. 
Cation axohange i s a raveraihUe &a& stoiohionetria 
process and doponda opon variona faetora each aa nator© of olajr 
laineralSy tha ion aiea^oonoentration &o& natnra of ions, 
tesiparatare ana |fl ©to, fh© replaeaahility of Ca** anS Mg*" hy 
Ra^  inaraased aa a ftmetioa of Ua^ oonoentration in eolation 
4i inereasad % fh© replaolog power of hi|?h •alsaoa ion© te 
always greater ttoa low valeno© ion© if other ooniittone cr© 
eqtml eisoept tiyarogen ion * fhe esahongeable cations of 
pr«JOtiQoi. importanoe in aoila ore Ca , Hg , S » Ka , Q anS 
Al*^* mie axohaige reaotioa tseehoniffl of On ana 2n with 
layer silioate olay ani peat nstag infrared adsorption t^ as ahoim 
hy BeaiOThri® a «lae&fian "^^ fhs eschani^ of lattio© ^gneaii^ of 
hentonite ia availahle^aa intarlayer nagneaiuia of chlorite was 
reported hy Christenson and Boll • Hanay VQtkurtr'^ ' haiw 
reported the presmrtce of ill Intcrlw^er In esipandahXe layer 
•iliaates onii »ay he reaponsihle for the low eaeehange oapaeity, 
the tORioity and the esohango of plant nntrienta* 
Transition elenente like Cn, Hi, Fg, Co, Sn, ?fn, Cd, 
Cr etc, also exhihit ONAhange properties ^ith clpya, Soiao recent 
work done on the exchm^ of suoh eleiiienta hy Slnr^al (k «lopta ®, 
Singhal & Singh t El-8Syed et al , '^ eto, fhe ^aantitatiire aspects 
of eation exohange proeesses were deserihtd hy nany ecittations 
hased on the Iwi of wass notion and adsorption isotherA principles 
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•to* Z(m •sohaiiKe isotlioniMi «liioti le a i^raitttoal representation 
at a giiren teiaperatiire otiaraoterissea the ion exofionge equllilirltia. 
It oan also l»e deMri!>ed in tense of ^piantity enoh as separation 
faotor« eeleotivity ooeffiolent or dlstritiation ooeffioient nnder 
the partioular earpertiaental oondititms* 
Cations are held around the eilioa^ltmine elay sineral 
otmottiro tmite BWB. the ©xsMng© reaeticms generally flo not affeot 
the eilioc! eltniino ptjckot. 'i-h& e^jheage of oaticmc depends npon 
the following fsetorst (o) Teleaoy of io-as, (b) ijySratlon of Ions, 
(o) ionio rcdii, ana (d) strcotorol oonflgarotica of tlKs clay 
ffiloello. 
51 Wiegner and Jenny suggested thnt l&e eise of t!ie nan-
hydrated ione oontrole. i ts replaoeahility* Atlen and Korniies 
hnve presented strong evidence that nost of oonsion eat ions are 
hydrated which ie tnportant i s oaEOhange reactions* 
Many eernnttaas Tare proposed to desorihe the cation 
exchange process aafi aeasure i t s gaoatitative aspects* Soma of 
the eqaations vere eapirieal and soMe were hased on adsorption 
isothexfii principlesi tdiile s t i l l others were hased on the law of 
»ase action* 7he ststplest mass action aqnations were for the 
exQhiRtge hetween ions of e^nal vclancies* Specific itass action 
equations for ttonovalentHsonovalent amd iRonovalcntr-divalent 
•sohaqges wore investigated hy asrr^'' in 1928. The eqcilihriui 
constant fonanlated hy Sisrr for mmovalent^divalent exchanges 
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wan soon fouaA to be msatififaetoiy and Tanseloir^ in 1972 
proposed tliat the effeotlire ooneentrati^s tfithin the suhetrate 
phase eoaia he taten ae proportional to i t s note fraetion* 
Gapon"^ euggeeted en equaticai for t^e exchange of sKmoYalent 
with divalent eaticms trhioh was developed hy analogsr with the 
Isinetiee of exchange hettreon a liquid end an adsoitiod aumoHole* 
oilier lasrer ot a different liQnid* Krishnemoorthy et o l « ^ 
proposed 0Q ee^ttation which atil ized Devie'e ntodifiorticm of 
6tiggenhelin*e statist ical theory, 
ton ejtohange oquilihrioia can he ohorootorieea hy the 
ion esohange isothera. l?h©se ieothezus or© c graphical repreeen* 
tation i^ioh, in principle, ocrrer a l l |H>seihle esepertosontel 
contritions at a given teinperatore* Ae a rule, these quantities 
vary with eatperi9K»ntel conditions* Thns any, specific valae 
of one of these qnantities corresponds to only one point on the 
ieo^em* 
* * mmmmimfm'mMm 
there i s evidence of SOMO kind of reactions hetwoen the 
fnndamintal oonponents of oXay and organic materials* A large 
OKonnt of woiiE has heen done on this prohleot and the character 
of clay orgeaic reactions and has now heen fairly well^estahlished 
hy the nse of nodem techniques like x«ray diffraction, IB and 
electron Hicroseopy etc« Soaw colour reactions produced with 
certain clays and organic compouads, are scne of the popular 
exaaples of clay^ovfaaio interactions* 
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Adsorption os veil as too osiobaiige ooonr lietmen 
57 wontoorlUoiitto olajr and orgeaio BOUOOIOS'^', fbos Bom organlo 
iona entar icto eation axebenga raaotiose with tbe olajr atinarale 
partloolarljr vitli nontBorilloiiita • Snoli raaottona ava oora 
OQamoa irltb organlo oattona ooatalnlng baaio amino gronpa. 
t t vae indioated liy Bendriofcs^ that tlie orgaolo tons 
are bald bjr vasder waals foroes in addition to tba oonlonibio 
foroea« fbe larger iona ara nore strongly adaorliad bteanae of 
tbe graatar vondar vaola lorooa and are diffioalt or inpoaaibla 
to raplaoa witb sotallar ions* Snoller ione are adaoilied oaly 
npto tbe oation exobonge eapaoity «bareae larger ions m&y be 
adeoified in esoasa. Ooulimbio foroee are snppleiaentad by 
0«fi •••*• 0 bonds betiraen tbe of^onio isoleonle and tbe olay 
ttinaral aitrfaea* 
WBoxy aon->i€niiO| polar organio noleonles vblob are 
dipolas as a result of tfae laoic of sjmnatry of eleetron diatri-
bntion, ean be adsofbad on tbe basal snrfaoe of HontBorilloaite 
beoanae tbe olay Mineral stmetnres are also polar* Tbe inoiianic 
eations present on tbe snrfaoes of tbe elay ninerals ere not 
aeoessarily displaoad by tbe adsorption of tbe organio woleonles* 
Sons organic dipoles are adsorbed in naltiple soleoular layers* 
Pamer and Ifortland''' studied tbe pyridine adsorption 
on Cn •ontaorillonite and Shoved that pyridine eould eo«ordinate 
difeetly to Cn iana present on tbe ejEObanga sites of aontaori-
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l lonit« and al«o ladinotly throagh water of hydration* 
Mortland hy tft data shoired timt area iraa held upon Cii(IX)<», 
Hii(n)* and Hi (II) vonteoriUonlte hy aeane of a oo«ordlnate-
«M oovalent hond* Aooording to then, honding ocoiirred throngli 
the eax^bonyl group rather than anino group* tfortlond and 
(Cm 
Hoggitt ifhoired hy IB etndlee that BlTC««fiMiatiBorllloiilte ooaples 
•hoired a deerease in the oarhonyl stretohlng and inoreaaing in 
G-N stretching fregency indioating that oo«K>rdinatiOB of BFTC 
Boleoole to olay eaeehangeahle oetione ooonrred throctgh oxygen 
of oarttonyl group and exohangeahle oat lone, fanner mnEL 
go 
Ahlrlohe iMiaired that edcorptloa of dluron on montotorlllonite 
msy he attrihuted to an Interaotlon of oaihonyl group of the 
herhiolde tfith esohangeahle eatione cm the estemal enrfaees of 
olay with edge alunininai groups* 
An exeellent eunrey of adsorption of organio nateriai 
hy olay ninerals aii^  of olay organio reootlon ha^ me heen given hy 
HmtSRyrm and Qrln • Iflteh of the wosk on oley organio oonplexes 
pertaino to reaotions of nontnorillonite, hallos!te and vemien-
l i te« Hendrioks " and Grin et al,^^ found that snail organio 
noleoules replace the ezohangeahle eatlons on nontnorillonlte 
quantitatively, hut vith larger noleoules the exchange i s 
ineonplete due to the *oover up effeet". The ions are held hy 
Tender VBB1*S forces and strong electrostatic hands at the s i tes 
of charge* fhere appears to he a strong preference of the clay 
for the organic cation* fhe anino groups hecone stronirly 
W (j 
attaohed to ttie elay earfaoe* fb« adsorption of qalnolltie by 
Na^ and Oa^'^«iioiitsorilloiiltotf» i U i t e and teaolinlte in vatar 
saepenaion waa sti^iad liy Doohler and Toang '« Kban and 
Singbal ®»^ ^ hove also notioad tha oiianio molaonlea like 
niootinot pyridine and quinoline oonld lie odeoz^d on the 
liydrogen olaye npto their base aaeehange eapaoity and tha 
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raaetion was foond to he etoiohiometrio* Snith^'i irhile 
studying the prohleta of aUeaioid adsorpticm by olays frost 
aquaous eolations noticed that the reaetion between bentonite 
and salts of organic bases tras indioated by fioeculotion* fhe 
weight of aUealoids adeos^ed vas gnontitotive* 
Hnraarons aoleatists' *'^ oontribnted to the literature 
on the interaction of orgonio cations with cleye* A recent 
study on tha replacement of eacohangeable cations from nontnori-
74 l lonite by alteyl aimaoniuiB cations ware done by Theng et a l , ' 
and organic ion was related to nolecnlar weight as well as the 
•alenca* Many organic compounds or pesticides formed eymnietrical 
hydrogen bonds or hamisait like complex with clays e .g . , ethyl 
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anmonium ethylene montm»rillonit« , pyrl^inium fyridine 
99 60 
montmorilloAite and ureaHtontmorillonite • Singhal and 7fi Singh'^ haira discussed tha mechanism of nemagon adsorption on 
montmorillonite» i H i t e and kaolinite by IR spectra where tha 
adsorption of nematooida occurred due to the fomation of 
complexes at the lateral an^ (or) edge surface of the clays. 
Gloss at a l . ' ' have reported tha adsorption of warions anilines 
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on Bontaorillonite havtag different oacobengealile eati<m8 and 
^ a aasorption was in l^e ineraaaing oitfar of tbe baaioity of 
tlia anlaaa and the eiectronagativity of the exotmngaabla 
oationa* KOBIOT at al«' .in the atody of the adaorption of 
tjnatemary aRKsonitnB ooapooBde on oiay, have anggaatad the 
adaorption toiraids the fajrdroi^ohio end of the oompounda with 
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the olcqr tninera]., Torohenok end Oadea have eaooeaafnliy 
aeparatad the different oomponenta of the aoil fragment a hy 
eedlaientotion and density teohnigoea on the hasia of organic-
Bo sinorol oomplexaa fonsEQtion. Bom et al« doring the adaorption 
ettidiea of aiigooin on montiBorillonite fotmd that hiedigosigenin, 
whi«9i ia a prodnot of hydroiyaiSt v°@ ^ ^ isajor adeorhed 
degradation eonetitoent and expiained their reanlte hy a 
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reireraihla adaorption Bmohanieai* Sin^al and Singh » Slnghal 
et 8i« and Banaal et at* have dieoneaed the adaoxption 
Rtaehanien of elay-ozganio interaotiona* 
fUMM Emmms 
Sixteen elenenta are Icnofm to he eaaentiai for the plant 
growth and niorohial aotivitiee in ih9 aoil* Out of theee, eoaie 
are needed in larger anotmta and are oalled na;}or nutrient a while 
othera that are raqnirad in mailer emonnta are oallad trace 
elenenta. The trace elenenta art iron, Manganeae, sine, copper, 
horon, chlorine and ntolybdenioi* fheir aouroe ia largely aa 
ccmtnniaant ninerale oeeorring in naaaea of ommton primary 
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ninerals* All them trace aetals eacoopt nolylidentm aire raore 
Foadlly avoilable in aoid «olle» onlees the so i l ie leeoheA 
strcmgly* 
As night be expected n the ei^solfio role of the irarioas 
miorooutriente in pleats and in aiorohial groirth proooss i s not 
ve i l onderetood ' « The meagre inforsHntiim availchlei, hoiroirer, 
suggests that several trace eleaiente ere effective through 
certain ensyne systeise* 
Copper ploy© o» iciportcnt ro!l^  in oxiSotion reduction 
roootion o2 enzyme esjd together with cobalt i t s deffioienoy 
may oanee sevei^l fosus of dieoasee to cattle fed on crops 
groNn on each soils* fhe growth of legcminoits crops i s fottnd 
to be retarded by ntolyt^ennc! and voter soloible boron ' whose 
deficiencies rssalt in defonaities in oaaliflower^ tomatoes 
and lettQKse* The elen^nts also affect nitrate ntil ization 
end calcinn nptake by the roots* Iron and Manganese are the 
nest abundant of the trace elesMnts bat imder alicaline and 
calcareoas eoi^itions, they mostly remain inactive end onavai* 
lable for plant antrition* Only ferrous foxn of iron among 
total iron i s considered to be active and available to plants* 
Itesides their fuotion as nQtrient«» the trace elements also 
play an Important role in biological system* Their excess or 
deficiency leads to crop feilnrs and diseases like chlorosis 
in the fmit trees* Sine i s thought to be concerned in the 
foymation of some growth horaones and in the redaction process 
of certain plants* 
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8oil« htgli ia oiianio natter, the eomplex fomation 
hy eopper thought to he reepoaeihle for the deftoie&oy of this 
eleaent* Segnlar applleatlon of copper ooBtaining salts nay 
he neeessaxy for the nomal prodaotioa of vegetahles on these 
high orgaaio natter ooatalBing soils* Bino defioienoies have 
also heen attrihateA to reaotto!} vith orgenio natter* Aavantage 
has heen taleea of the oonplex foming tendenoiss of nanganeee, 
copper, aifW ana especially iros In the developn^mt of synthetic 
owapounfle called ©helate© »^ fhese oompomias can he ns©a to 
snpply selected niorontitrleatB la the foi^s tshich protect the 
cations from soc^ homful inorganic recetlcms in eo i lo . At 
the same tiis» the cheletei! nutrionts con ho citiliise^ hy 
growing pl£iBt8« 
the other fl^tels aeeitanlated ia so i l s as pollatant® 
are Fh, Cd, Cr, Hi, J^, S^, T anS 8a etc* fhese elements are 
not esseatial for plaats or aninnls growth and totmd to he 
toatio to »»» and aainals and produce ondesirahle effects as 
on Of 
stQdied hy Singh ft Slngh^^, Bijkehoom et al,^ , liamrerye 
et a l , ^ , Sohnitt et a l , ^ etc» Fozhes et o l . ^ have reported 
that the adsorption of heavy awtal cations on solid nolotloa 
interface, i s not sinply an electrostatic hut consider 
( i ) as a fnnction of properties of the solid enrfoce and the 
adsox^ing species, ( i i i ) the ahi l i ty of the adsoxliing netal 
ions to hydrolyse In solution in detemining their aff init ies 
for the snrface of the soil ninerals. 
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fhe toxioity of tfi« neta l iiiQT«aeea with tbe l r 
eieotroposlt lvlty as Hg > C a > «i!i>Ca e t c . flu© to their 
affinity for anlnot isoino and ealfjliaryoryl groups wbloh are 
aotlira 8it«8 on a ninfber of eszyiies ae aoggostea hy l*aokay 
e t alj^ Obelatioo i s noat inportaat proeesa in biologieol 
aystesta* Certain aoyatieasia growing in elicQllne so i l solabtisse 
froa in tha soi l l>y generating ani secreting into soi l eheloting 
agents* QinEftorg^ reported thot tbe preferential aptt5k© of 
isetal «ation8, f ollo«e«^ the orSer Pb> Cn > Ce > Bo > Mg > HS 
on eKmtnarillanito onQ thQ-t the oopcolty of tbo Iieovy Botols 
to replace Ga on feaoliaito 1© in the orSor Fb> 0n>l lg« Utie 
work on the interaction of Cd , Vb ^tHk so i l s 'md. clays 
are atteaptefl^*^ in reoent years l>at the worfe on Hg end 
other trace ipetals in soi ls ere limited* 
son* lOULflTAliTS 
Soil has heen recognised as a main gronp of environmental 
pollution for laany years, hut i t has noi9 hecone a na t te r of 
natiunal ooaeem, largely hecaase of i t s adverse effects on himan 
99*>i01 
and aniaal health-''' ^*« fhe consequent build up in t4ie aiionnt 
of waste ua ter ia l s and the oonc<Hiiitant in disposal s i tes have 
led to review interest in the study of the application of 
sewage sludges to soil in past decade, fhe recognition that 
sludges fro« areas that include an Industrial waste eowponcnt 
contain »any heavy netals* Man has util ized sewage sludge as a 
source of f e r t i l i z e r and a soi l auendKent for many centuries, 
I'l 
partlenlarly in tlie far East* where rmt sewage i s applied direct ly 
to eoil* OoataninatioD of so i l s "by aioitig or indastr ie l 
ac t iv i t i e s , aatonoBile t raff ic also oaased the soi l pollation* 
l«eeper studied the wwage waste which cootained Fe, Or, Cu, 
Niy 2ii, !%, Cd and Wn* Williams and Oavid *^  studied Od as 
i04 fe r t i l i ze r Impurities* Khan e t el* studied on the laohllity of 
the hea-«3r cietale through Xndiaii red soil* Sevoral chemical 
cocpanies hod laimolied intexQCl eorveys to pin iialiit trace 
elcmeii:^ pollatQots which ciay ©ease haearde, ^o© chemiool, 
BAEF Wyazidotte, Geos^iapaolfic, ^ i e o r al^ssinitziii and ohomical 
and ^'oyorbaetisor a l l hai?© eacss sarvoyc im^or way* 
fhe tos io i ty of trace evetals i s ve i l docosuiiit^* 
According to Or* li.B.fepper of UniTersity of Cmcinvvati*s 
lietterlQg lahoratories, le£d, cadniuni arsenic, antimouy, ana 
heryllitw have e l l oattsed aeoidental deaths in industty* A 
report tttm Batteile Memorial Xhstitnte, l>artiitonth Hedio&l 
school lA^ oifed that Cd eansed eardio^vascnlsr disease and 
hypertension in htmsB* 1% dastages hraia and disorders the 
convulsions etc* while Btercary shows nerve damage* 
Efforts are now being made to detect the nnsoen and 
learn the on^oim, hut the tasis i s foztaidahle and likely to be 
tempered with the aeattateat reoontly expressetl by Dr* Garrett 
Hardin of University of California that »2t iJ diff icul t to 
believe in bad news un t i l l ruin i s fully upon us '* 
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Anotber type of eontaBination resalts vfaen pesticides 
are appUeA to load for pest control or agrlooltoral parposes, 
XoneAlate effect occur nost often fro» pesticides with a higher 
degree of acttte toxloltjr and long range effects froQ pesticides 
vhioh persists or remains l*e, Endrln, a persistent and highly 
109 toxlo pesticide Icllls fishes at 0.5 ppib as stndled by Shannon -'^  
fhe »ost widely osed pesticides are the chlorinated hydrooat^ons^ 
are Odwentratea hy Hiring watter In the aQootlo envlromnent. 
An Increasing hat Id np of the pesticide may oooar In each link 
of the food chain, fhete effects may not he discovered for 
eosie time after Init ial contact, partloalorly i f eonte toxicity 
of these pesticide Is low* fhe anoonte tolerated he fore 
ttotloeehle effects yary vttXk the partlcolar animal species and 
the pesticides* Bunt and Blihoff *^  stndled that sense species 
can tolerate larger amoimts, hot sooner or later are affected 
hy decreased fer t i l i ty , Interference with normal food sooroe, 
and enentnally dea^, 
mOBOBXAL ACTlVXf XE8 IN SOB. 
Mlcrohes are small living organisms which were f irst 
reported hy Athanslas In 1971 In the soil environment* They 
are generally occurred In the surface soi l or in top few inches 
of the soil having their population In bi l l ions per gram of 
107 soi l % fhere are few major groups that maiee up t^ie soil 
microbiological population or i t s flora (plants) or fauna 
(animals) end they an as followst 
l«ot»iriii 
Baot«ria ear* the nost abtmflant groups usually present 
in soil* These are unieellular organisms* fhey inolude spore 
forming and non spore foming rode, oooolvihro and spiril la* 
fhey vary oonsiderahly in shape, siee and in their oaygen 
requirements (eerohio and anaerohio), energy utilisation 
(autotrophic & hetrotrophio), saline formation and relation to 
plants and aniaotle (saprophytic and parasitic)* Some autotroidbtio 
soil haoteria oan oxidize aumonia into nitr i tes and then to 
nitrates* S(»3» other haoteria can also oxidize sulphur, iron, 
manganese, hydrogen and oarhon monooxide* Anottier autotrophic 
haoteria may reduce the nitrates to inert nitrogen gas* imile 
heterotrophic haoteria includes hoth nitrogen fixing and. non 
nitrogen fixing types* Clastriditaa and Asohaoter could f ix 
atmospheric nitrogen in soils* 
Aotinomycetes 
ActinoiQrcetes are characterized hy hranohed n^el ia* 
Three of the genera of aotinomycetes are ve i l represented in 
the soil* Species of Mocradia are closely related to some of 
the haoteria especially the myoohaoteria and corynehacteria« 
Species helonglttg to Strepton3Kies and MicroaKinospora genera 
are more closely related to fungi* Aotinomsrcetes vary greatly 
in their hioohemical properties in relation to higher plants 
and animals and their effect on soil haoteria* 
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Fongl 
Theee ave olaeeified oooordiiiig to tlielr iicttrltiTe 
prooese tbat ere parasi te, eapropbjrte or STnbiotio, fhey 
prodwse oxtoneive nq^ellOBi m& sporoa In soi ls and in oompoets* 
Parasitio fcmgi doooDiposes res is tant oe&lQlose, lignin and gtms 
result ing holes in soi l and oatiee plant disoases* Saprophjrtio 
tmm^ obtain tbe i r energj^ from the €eoopposition of organio 
matter while syiahiotio fungi liy© on the rooto of certain iJlants 
in a dependent relafeionshif) in t^bich hoth fmigiis and plant are 
nntnally henefited« 
Algae 
These aro green eolocred oxt5sn*«s«s and are antotrophio* 
l ^e i r nain olosfies are gx«8S green ohlorophyoeae, bine green 
oyanof^yoeae and the distomjroeae. Certain blue green algae 
have demonstrated the ab i l i t y to fix nitrogen from atmosphere, 
IDfl iOQ 
Ganeron and Poller , liylend ot a l , *^ ^ tfork on the species of 
these types of algae genera that are nostoo, seytone«ia and 
anabaena* Algae have ab i l i ty to prodnoe chlorophyll, makes 
the i r l i f e in the soi l especially on i t s snrfaee lf»3ependent of 
the presence of organic natter* 
Protonoa 
These are primitive, nnioellalar microscopic animals 
that feed mainly on bacteria and hence are known as a controlling 
31 
factor upon tiM bacteria* Ttia vain protosoen groups er« aoioebee, 
flagellatas and ol l iatea, 
Hawatoaaa 
IRieae are nloroaeoplo, tmaegraented, thread like voma 
and may lie classified according to their feeding liattits* 
Offinivoroney predaeeousy paroeitio nenatodea are very coonaon 
in aoiis* 
Soil, organi^s are tlie chief oanses of decay of organic 
iiatter vhereliy eleiB«nte are converted to their aisiple foft!;8 
Kliicli can he used hy higher plants* For esomple proteins are 
hroken down into aisino aoid8« aiiiaoninffl aalte nitrites and to 
nitrates by the action of varioos tjrpes of mioroorganiems« The 
varioas kinds of oheaiieal reaction in soi l like oxidation 
iiO 
redaction , denitrificati<»i and nitrification of soi l 
nitrogen % solahilisatiott and fixation of plant nutrients in 
soils^'^are a l l iwstly controlled as a re salt of ohenieal and 
nioroibial act ivit ies in so i l «^ A wide variety of so i l 
OfianiSM inelodtng both bacteria end fongi are involved in 
producing 5«indole acetic acid and other plant growth proawting 
substances* 
fhe ttiorcibial act ivit ies are largely responsible for 
i l 4 
the tsainteaanoe of soil f er t i l i ty as well as soi l proper* 
ties^^', ffierobials nineraliw**^! oxidise**^ and reduce 
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•lenents in eolls and inaii^otly inflnenoe their so lubi l i t ies . 
Poetioides are oonsidered to alter the nuaDer or act iv i t ies of 
il8 
nioroorgonisn in soi ls , Atraosiitierio pollotion i s also 
oonsidered ee a factor to effect the niorobial aotivites ^, 
BBSTIOtlMBS 
One of the most convenient raeans for controlling harmfnl 
organifins i s the nee of ohenioals in so i l s and plants* The 
120 general definition for the pestioldee «as oode \xy t^ a^re as 
"Any sohstanoe used for controlling, preventing^dostroyingt 
repelling or mitigating pest i s imoim as postiol^oe, With the 
green revolution spreading in the rural areas, the dera^d not 
only for ferti l izers hut for pesticides i s BX&> on the increase* 
Pert 11 leers provide nutritiaa for plants to grow ^ i l e pesticides 
provide protection to plants fron diseases* Pesticide i s a 
general nene for the ootapotaids vhioh may be classified according 
to their use as insecticide, fungicides, herbicides, rodenticides 
etc* 
Insecticides 
These are the chemicals used for the control of haraful 
insects* Besides organic chemicals, there ere some inorganic and 
orsanophosphorons compounds that are used as insecticides* These 
are B*1!*C*, !)*T)*T*, lead arsenate, nicotine, sine phosphide, 
ethylene dibromide, parathion, malathion etc* 
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ffettM aiw tlie eheiBioals used for eontrolllng Torloaa 
fuDgal diaeases* foagioidea generally oontaln eopper« aolpliar 
or narouny as ttiolr aotive Ingradiant* BordeaasE alaEtura, 
linx^usdy Btixtara, dasting aalphar, organo-^aroorlale, « ! • 
tbiooavtiaaiateav nioleel olilorMe, atreptooyoline« tbirQ»» alran 
are eoee axanples of fangioidee of variotsa oatagorleai sacti 
popular its agrlooltora* 
Harbioiaea 
wioiBiriimiiiiii III 111 III mil mini III 
HaitiioMaa are ttie ahaiiiloela aaed for deetroylng ttie 
veede aE»3 otiier ancfaotad vo^tation* fhey are also feaotnt as 
naedioldea* Sone ooimsoaly amtl lierbioMes ore aier^l, potasaicaa 
oyanate^ eodfttBB araenita, 2-^ Ji diiotsloror^enosor c^satto eoid, 
di^poat, naleio bsrdrasida oto. 
ttodentloidea 
Certain peat aniMale acioli as mioe, rats, aquirrelSi 
ground lioga and field rodents mast "be controlled itaoanae of 
their ability to do extenaiire orop damage and to apread dieeaseai 
ClieviealB need for tbla purpoae are ealled Rodentioidea, fhese 
inoludea oheaieala such aa alno pii08pblde» barium carbonate, 
stryebttine hydroobloride* Besidea of tbeee ebeisiealo tbere are 
aoaie nev eyn^etio orgaaio obenioola like warfrain, o^nnai^tbyl 
thiourea vhiob are now »o«t prominently used aa rodentioidea. 
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B«sides tt» aliov« foar groups^ there are eone other types 
of pestioldefi HSIBSS aooordlQg to their speolfio nature oi use. 
They are acarloltfes« nenatooidee and nolluidcioldes* Rltloidee 
like aryl alkyl soiphides, ohlorofension and dioofal eto« are 
asaaily sprayed to protect fmi t trees £t crops. 
Soil act as adsoflient carriers, when pesticides ore 
applied to then end, therefore, soil pesticide interactions or 
etcdies of nature of absorption of cheisioals need as pesticides 
hy various clays or so i l s are tffiportant in this contest* 
fho reoent literatnre on various espoots of postloid© 
residues aesoototed ^ith plastt has been thoronglily roviotred* 
^ongst tlte outstimding reviews avG thoeo on persist ant hy 
EObinson I on pesticide in people by t/aaserraann ot al» 
on translocation of fungicides by iMin & Carter ^ etc* 
Pesticide residnes amy originate from accidental or 
incidental C(nita«!iination, as from spoilage, from pesticide 
in adhering particles of treated so i l s ; by volatilisation of 
pesticides froi!! treated soi l or from dnsts or sprays drifted 
124 by i«ind» Vatters & Cmssendorf shoved that organo'-ohlorine 
insecticide deposits on the walls of stores nii^ht be a scarce of 
residue in gretne* Few organochlorine and organocarbanate 
insecticides are feebly eystestio and are absoxtied by roots or 
leaves, sietabolixedj and translocated in h i ^ e r anonnts to leave^ 
persistent and undesirable residues at the harvest* 
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ffensle " has elotstfled th« possil^le biotransfomatlon 
of pestioiaas in plants e^vA soils* These inolade^ oxidation, 
aehySratloiit dehydrohalogenatlon, radaotlon, oonjngation, 
hydrolytle reooticny exchange reactions aiul ifiomeriisation etc . 
The factors inflaenolng the presence of residues nay he art i f ic ial 
or natural* The natural factors are more sohtle In their effect 
126 127 
on residues lu plants* They include the plants | so i l $ 
±QA ISO ±10 1^1 
veather | penetration 1^ ahsorptloo " j^ translocation •' and 
diffusion* 
The general consensus i s that pestioides, vhen applied 
at field rates* do not adversely affect the ma^ for hlocheialcal 
tx^nsfoireiatiai In s o i l ^ * The fusiigants and fungicides 
uniloubtedlr have the greatest effect ou the ralorohlal eQulllhrlua 
of the so i l s , although soiae of the hiochenlcal changes which are 
induced amy he heneflclal to soi l fert i l i ty i*e* Inhihition of 
nitrification and liwreased soluhlllsatlon of Insoluhle phosphate 
as studied hy Oonsoh & Ittul -'*} Oovda et al* '^f Anderson & 
1 » » ' » , P .„ '36 , , ^ , „ ^ „ , . . . . . t d e ^ . . » h..t>lol«.. .»d 
Insecticides have l i t t l e effect on nitrification trhlle certain 
fungicides like daaonet, aaban, vapam, verdasan etc* and nost 
futnigants narleedly inhibit the process* Few vorlcers ^ appears 
to have considered the possibility of decrease in nitrate nitrogen 
which result from pesticide treataent that may be due to sore 
change in denltrlfloatlon than nitrification* Hexbloides and 
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Inseetioides '''' Influence the aononiflcation very l i t t l e while 
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fmigloides and other fnnlgants ^^ hav« a pronounced effect on 
aosBoniaisi ooneentratton in soil* 
fite ollnloel slgnifioonce of the pesticide reeidne ioTels 
depends open the tozloitjr of individaal i»»8tiol(3e end the tissne 
in trhich the resldae i s neasnred* 
0mmja coMioPims m son* 
A namher of organic ohenieals are reported to exist in 
soils* fhe transfonsation of orgonie ooKponnds oecors iiostljr 
tbrottgh hioohonioal processes caused hsr the aotiosi of micro-
orgenisisSf partionlariy of their enzyme eysteeis* Tbo organic 
oompoimds which are generally found in so i l s aret 
(a) Aliphatic acids 
A large nuniber of organic acids are inteinwsdiates of 
mitaholism of plants and nicroorganinss or can he derived from 
thsM. 8o»e are pxodnots of oxidative degradation of oxganio 
140 
snhstanoes * The anonnts of fomic and acetic acid depend 
apon the soi l conditions in which they ex i s t . The level of 
forwic acid and acetic acid ranges from 0*5 to 0*9 and 
0*7 to i«0/100 g of soil respectively* 
Ofganic acids oooor in the aqoeona systems of hoth 
higher and lower forms of plant l i fe* Aliphatic acids of oommon 
oeonrrenoe in plants inclode the lower nemhers of the fatty 
acid eeriest fomic^ aoetio, propionic, hutyrlcOf eqnally wide 
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di«trlb«ftioii are the follfwiag aoidfli oocalio, glyoollo, laetiOt 
tartarlo. 
Other aol<di8 are eitrlo» soocinio^ malic aoiae are tavmA 
tn laany frulte and leavee* In poorl^ r draieed eoi l s the oonAtttona 
for fomattoii of alif^otio aolda hy nioroorganiaoia are nore 
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favourable than In aerobto so i l* . Por ltt8tanee« fakijioia has 
reports the aoetmtilatioo of aoftS In eoila are in the order 
acetic > hat3nrlo> fomic > ftMaric, propionic^ valeric^ eacoinlo 
&B& lactic acids in n<xm oases. 
Sose «oi% has been reported on the inflnenoe of aolde 
on the growth of plants onS oonolnded both favonrable and 
anfavoureble effects* Organic aoide are also involved in the 
solubilization, end transport of the mineral part of the soils* 
Sohvarts et al* appear to have been the f irst to ase modem 
chromatographic teehniqnes for characterizing aliftiatio organic 
acids in aerobic soils* 
(b) Amino acids and Proteins 
About 20 to 50 percent of the organic botmd nitrogen 
i s in the form of amino acids in soil^^* the total amovnt does 
not exceed 2 jtg per g soil* The composition of the amino acids 
from decomposing plant material, microbial synthesis or oxidation 
by roots, seems to have no snoh inflnenoe on the composition of 
proteins in so i l « Bat characteristic differences occur when 
oiianie snbstnnees are decomposed by selective gronps of 
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oirganlnitt • tn to l l tiydroXyoateo, leaolne and i8ol«iioio«, 
Ijrelne, alaniiMi glycine and snli^fir oontalning anino aotfle are 
found mostly in laxger quantities then the other amino acids, 
(o) Carlmhyarates 
Vhe dead -vegetative material contributes the isajor part 
of oaitiohydratee to soi l ox%anio matter in the form of different 
polymer saccharides, especially oellolose ana hemicellQloee# 
Tbe mioroon^anians synthesize polysaccharides ami other carho* 
hydrates and fartheniore they also decompose the polysaccharides 
from plant material• flie approximate content of caxftohydrates 
in soi l organic matter i s 5 to 16 percent isolated hy <7arioas 
procedure • Many aathore imrestlgated different soi ls end 
found iromafieahle differences betveen the ccxttent of caiiEio* 
hydrates* 
149 Gapta listed some of the different caityohydrates 
ifhioh have been found in soi ls asi 
( 1) MOnosaeeharidsa 
Hexoses t glucose, galactose, mannose, fructose 
Pentoses t arablnose, xylose, ribose, fueose, rhamnose, 
( 11) Pisaeeharides 
Sucrose, oe Hub lose, gentloblose* 
( i l l ) Oli^osaeoharides 
Oellotrlose• 
( I T ) Pinlysaeoharldes 
Cellulose, hemieellulose* 
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( T ) Amino gggarg 
GItieoMBiii«, glaoto68i9li!«t ii-aeetyl-JD glaoosamiae, 
( • ! ) Sugar aleohola 
Manltolf inositol* 
(v i i ) Sugar aolda 
OlaotaroniOt Glaooronio aold 
( • t t i ) Itcthylataa aogarc 
2mJ0mm»thyl'^''mylfiW, 2«0<*4Bettiyl«>l> orabitioeey OoOHsethjrl-
rbamiQsei li«0«4iet!iyl gaieotoso 
(a) Honoeyolte Bheiiolio ooapomtag 
FhaBolio ocnaponnas in milB oaii t>o aerivad tram plienolio 
plant oasatltnente eiiQIi as flavones* flavanolSi^ oatecliinee, 
|)!ienoloai<1[M)nio aolds and othere fosfmed 1^ tiiorobial sjmttiasis, 
(•) Organio i^osiaiatafl 
Soil organie matter oontains a eaall portion of organic 
pbosphatas* Tho eonatitntion of the oomponnda identified so far 
allows the assuttption that ihey are derived froa nuoleie acids, 
inositol phosphates and the phosiAiolipids* Bone of then oooe 
into the soil by plant material, others are syntheeised hy 
•ier9hes« 
APSORPTlpy 
The tern adsorption i s applied to the ooi^ensation of 
nolecttles on the surface of solids or liquids* The tera vas 
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ISO first use& txy Keyser at the suggestion of B.do Boiss-Raynoiid 
nnd TBt9TB etriotXy to tlie eacistSBOe of higher oonoeatration of 
any particular ocmpoaent at the snrfaoe of liquid or solid phase 
than Is present in the have* Msorption of inorganio or organic 
ootaponents have gained ooneiderahle liaportance in the field of 
i9i soil ohe«istry. In recent years* Qarcia-Miragaya & page ^ 
Sltto & Bafeor^ f^ Cortin et al.^^'f Elliott & Roang*^j Bittell & 
Hiller and others have studied the adsorption phenooena in 
relation to soil and clays in varioae aspects* 
Adsorption may ho closaified into t«o groap6« In the 
first adsorption type, the surface oondensation i s due to 
Idiysical capillary i^ enoisenon» more or less non spec if ic and 
in that the adsorption parallels the f^sioal eharaoter of t^e 
adsoi^ent. fhis physical adsorption i s a low temperature 
adsorption end reversihle* Zt involves usually lesser heat 
changes* Its activation energy is snail prohahly of the order 
of 1 Ksal or evon less per vole as given hy Glasstone ^« 
The second type, which appears to he doe to prljaary valence 
forces, is relatively strong and specific, heing largely 
Independent of the iiAiysioal character of the adsox1>ent and i s 
essentially of a chemical nature* This cheaical or activated 
adsorption is non-reversihle and i s high teaperature adsorption* 
Zt occurs only at higher tenperatore and oharaoterisse hy a large 
heat of adsorption as ±3 to 50 Kcal per nole as reported hy 
« « . « . * " , «„gg * Sl«gh««. Phy.loal f o « . . . « BOB-.p«lflc 
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ia nature ana h«iie« vender waalt adsorptioa or jftiysioal 
adsorption oooara in ail eases %nt obeaiisorption wiil only he 
OliserveA in addition t^oi tone kind of obemionl interaction 
is possible* 
'me ibenoBienon of adsorption in soil colloids or clays 
i s mostly confined to ilb» stirfooe of colloidal particles* ta 
Bost oases adsorption takes place tiy exotiange of ions. In faot^ 
i<m emhrn^Q i tself may ho ooasidered partly an adsorption and 
partly a desorption reaotiooi t^ere ^ e negative charge on ^ e 
clay and tite electrical donble layor fonaed aronnd it> are 
r<e sponsible • 
file adsorption of iona i s iotremed by tbo nature and 
concentration of ion, an^  tbo type of colloidal partiolos* In 
tbe case of cationst tbe higher the valence of the ion, the store 
strongly i t i s adsoxlied and taor© difficult in i ts s%plaoosic;nt or 
•xchaoge from the colloid pnrtiolo« For cations of the same 
valency. Hie higher tl^ atonic might, the greater Is the adcorption. 
Hydrogen ions, however, behave as polyvalent iotis. fhey are 
•dsoibed more strongly than even divalent ions, ^ith the iiwrease 
of concentration of the solution, the cation adsorption also 
increases* 
The type of colloidal particle has a considerable influence 
on the adsorption and replacement of cations* Hontmorillonite 
minerals have the highest cation adsoztiing and eKChange capacities 
a2 
vhile the Icaoltiiite Minerals heTe the lone at* The IXlite 
atlaerals are interned late* 
Die property of adsorption plays an iaiportant role in 
soi l ferti l i ty* Xt i s dne to th i s property that a soil i s ahle 
to hold water end plant nutrients and keep then available for the 
nse of growing plants and enables the soi l colloid to fonotion as 
a reservoir of nntrients for plant ase* The study of the adsorption 
ie Important in understanding the tieehani^B of interact icai of 
eiraple organio i»)leoales aoA pesticides on so i l s end olasrs, 
Cheiaioaiiy, olaye are altmiinosilioate syeteise and as snob 
are characterised by possessing exposed sitrfeee being rich In 
oiygon atone end hydroxyl gronps* fhese sttrfooes ere basically 
highly polar in character and possess en intense residnal force* 
Generally these forces are responsible for holding the other ions 
or fiolecnles at the sorfaee temporarily or pemanently depending on 
the forces ofMirattng at it* Besidaal valenee foroes^ dipole 
attrnctions or any other fAiyeical forces of the irander waals type 
lead to adsorption where the solecnles are held teaporarily, utiile 
eheaicai or electrostatic forces give rise to a permanent binding 
and Bolectsles stay pemanently on the surface* 
Adsorption of pesticides and oi^anlcs by clay minerals 
and soi l organic aiatter ie an important factor affecting the fate 
of pesticides in the sol} environment* foeticides adsofb on both 
the organic and inorganic surfaces depend apon the chenical 
^3 
199 properties of adi80i1»eiit and adsorfeate involved '"'^ Basio 
peetioides are reported to tie adeorlied nore strongly on eoil 
organic natter "" and expanding lattice clay ainerale. "* 
Acidic pestloldee vere edeoified in moderate araoiints on organic 
natter and relet lYOly in low aaotmta over clay nine rale and 
lf«2 
hydrons netallio oxidee*^ • While non*ionio peetioidet are 
adsoitted in greatest anotmt by oxsanlc natter* I«eentieer & 
Ahlrlcbs '' has reiK>rted Hie adsorption of eaz4>anate and organo-
phospiiate insect loldes 1»y tlie soil organic natter* 
Clironatograi^ic nethods are considered as powerfnl tools 
in Analytical Chenietry and have heen enployed in the separation 
of organic and inorganic ooanpoands and their nixtare, elenents 
of different valency states and in the identification of indlvl* 
dttal conponents in the oonplex nixtnre systenSf where other 
Methods fail or can not give satisfactory results* fhe nethods 
are galte inexpensive, sensitive, selective and rapid* Their 
utilisation have heen realized in recent jrears ^ v ^ " . niese 
nethods of chenlcal separation could he perfomed with nodest 
equipnent, nanely gas, paper, thin layer* Ohronatograns nay be 
formed hy partition, adsorption, ion«exehange or ^ e l r confblnatlon* 
Different tjrpes of ohronatograidiie techniques are based on the 
sane principle that the eonponents of nlactnre oonld be separated 
frcm one another by passing i t through a tvo i^ase eyetens, one 
nobile vhich nay be liquid or gas and tfhi^ i s in equillbrian 
vlth an statlonarjr pham i«e» papar, ailioa gal, tol l , alaya, 
alraBina or ion aaEOhanga raain eto* Siliea gel ia ona of tbo 
ttoat trldalF naad naterlal as atatio phaaa, Baaidaa tbia, alnalna 
nagnasimi ailieata and aotivatad eaifion ar« also usad« fha 
taolintQna of tbin layer obroisatography vas first aaeeessfnlly 
lovei 
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used tty Helling & ^mer "^ for the study of paatictde noveBmnte 
using different types of soile as statio pbaea* Belling 
eaoeassfnlly txtiliEad ^ i s taobniQoe to study a very large variety 
of pestioldee in soils* Attempts are no^ being we^e to nee tbis 
teobniqoe for other stc^ies «itb soils and olays of diverse 
natnre an3 tbtts i t opens vido Q ncn^  field of v«sesrob for soil 
obemists* 
fbin layers era preporad by spreading an nnifora film of 
a slnny of tbe adsoi^ent (soil) «itb tbe belp of an applioator 
and alloying i t to stand overni^t for drying in a vartieal 
positi<»i as enggaatad by several workers* Tbe tbiotmess of tbe 
ifiS 
nnifoiiB range (o*i9«2«0 an) vitb raepeet to ft^ ia nninportaiit 
for diagBostio or qnalitative voile* Better resnlts are obtained 
if tbe lasrera are tbin beeaoee tbe spray reagent i s wieb sore 
sensitive wben i t does not bave to saarob for snail enonnts of 
sttbstanoe in a large anonnt of adsoit»ent* On the oontrazy nben 
tbe vozlc i s preparative in nature> i t is advisable to use a 
tbiek layer^^ ao tbat tbe naxiaon avoont of laatarial can be 
separated in a single ebroMatograv, 
flM snnple i s plaoed or spotted about S e» or i iaob fron 
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til* tuotton of the plat* no that th« solvent level v i i l he at 
ieaet i e» hel«w the oentre of the epot« The diameter of the 
spot ehoalA not exeeed 0*5 «n md shoald he ae eaall as potsihle* 
thin layer ohrosiatograBe are developed hy plaoisig a plate, 
loaded with the easiple in a vert teal poeition, i& a closed tank 
eontainitig the developer* such that the hottoa of the layer dtps 
into iSiG developing solvent* After the solvent aeoende iO»15 em, 
the plate i@ removed* drlen and vienalissed hy the applieation of 
saitahle detectors* 
Ktrohner et el* ^ found that ishen water is a ooisponent 
of the developing syeteiiy the adsorhent layer tends to elide»off 
of the plate helow the solvent level* ^ i e prohlem was solved 
hy standing the plate containing the layer on a cotton pad 
saturated with solvent* 
ITsnally, in thin lajrer chromatography in addition to the 
chemical reagents ased as detectors to locate the separated 
components on the chronatogramt other methods are also used* 
snoh as the detection of snhstanees hy the fluorescenee* Iodine 
•apour is often adsoxtied reversihly on the mirfaee of oi^anie 
compoonds and can he need for their detection* fhe adsoitied 
iodine i s hest seen in nltraviolet light* Belling need radio 
active caxDon in the applied pesticides and after development* 
the movement of the pesticide was detected hy radio «>tive 
scanning* 
n 
Vb» liftiKht of tbe ebronatograiB is Aepondant upon the 
adtori>tt<m efflnttisr of the eoriQspoaaing oomponent and tho vidth 
is proportional to the qitaQtity of l^e leaded eulistaBOo. 
K dictapce trai^lltd hy the golnto 
f distanee travailed tiy the solimnt 
171 Uhodes et al* used soil thin layer ohromatosrapiiy for 
the deterattnatioB of Agrooheialoals in eoil hy neaaoreiBeitt of the 
a^  Talaett of eoaoron, dinron, hrosaoil, terhaoil and ohloroneh 
on thin layers of soil deposited on glass plates and the 
ehroTnatograas devoloi»fl in vater« Chajwan et al* ' nsed the 
soil 'SW for laeasartng the relative tuovenont of heifiloides in soil* 
fhey prenereS tho soil thin loyer plate© hy eoating the soil on 
glass plate and applied the heit»ioido as a streak to the hottoa 
of the plate and then elated it tfith water* Soil thin layer 
ohromatogrsfttio teohniqiie was adopted hy toch and his coworkers ''•^  
for determining the nohility of sons inseotieides snoh as 
ehlorofent irini&os, trithioni delnan and diohlorofenthion in soil* 
SoMS recent woi%:s on soil fliC have heen reported hy Stnghal 
«t al.*-^*! siaghal et al^ *"''' and ethers for ion and pestieiae 
Mohility and has standardised the experlMental conditions for 
their Mohility* 
CTB vmwm 
• " • " • • • • • " • • • • • • • • • m l * 
The work on the interaotion of traee MStals that are of 
polluting nature has heen attenpted in reoent years hat their 
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transloeation in tolls i s lisitsfl* Bteently eons voiics on tbe 
aiol)ility of oxsaniOB ^^ trcioe netalt were reportod using soil 
thin laysr ebrfnAtograidiy* Xt vas eonslAsred vortlnrhlle to 
mtaiertalca a votk on tbe Infliienoe of ox^anlo aolds and ^ases 
on tbs transl<Msation of eoma beaiy metale throng soils* 
fhe pzvsent thesis has twen prepaiwfl along the following 
llnesi 
( i ) General introdnotion ooirering a sorvey of present and past 
literature on soilsf olajr nlnerelst soil oziganlo nsitters 
l^sloooheaioal properties of soil i«e» soil ipO, eleotrloal 
oondnctitrlty, escohcngeohle ootlons an^ oati<m esohange 
oapQoltys oSajr organic intoraotl<si| trooe eleiaents* soil 
pollutants} pe3tlciideG$ organio oospomids in soils mioirohlal 
aotlTitles in ooil; adeoi^tlon anfl soil tlain layer 
ohroraatograi^ for the huild up a sound hao&ground to 
midertalce some useful Investigations in the field of soil 
ehenistry* 
(i i) Heact part of the thesis d«al8 with the studies on the 
infli^nee of orgeole aolds and hases on the wohility of 
sons heavy wetale throng Allgaili soil hy soil thin layer 
ohronatograplqr* 
Tito topie of this thesis seems to he a l i t t le hroader on 
the snh:)eet and it i s rather Inpossihle at this stage to oorer 
all the topios eontained here and that will he reported folly 
in ni,ll« thesis. 
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WB iwunawB OF OBOMIIO Aoipg JWD BASBS OM IBB tioBn.iTr 
OF 80ME HBAW MBTALS raaOPCSH ALI6ARH SOIt Bf 
SOIL THIN lAIEB CHHOHATOOHAfOT 
greaoppcTiow 
1 AiBong Tar&oiss orgaaio oo»]^ oiiiid8» eai1>osyilo a«ld9 » 
QnlBO aoias *^ ana oi^anio bases like nieottiie *' and pyriAin^r"' 
have tieeo found to oeoar or were used in soils* 
fhese organie oonponnds are foond to i&teraet vitli soil 
oolioids *^ utiiob nay* affeot ttto isotal transloeation and 
influenoe tlieir availabilitar to plants* HowoTert ttteir speoifio 
role in tlie translocation of beavsr «otale tias not yet been 
ettenpted* Recently Xhaii et a l « ^ liaire refiorted that tbe heavy 
metals translocate in tbe soil as netal-Soil Organic Hatter (SOM) 
coniplexes and emphasised the importance of organic conponnd in 
the translocation of heavy netals* fhe porpose of this study 
i s to understand the role of certain organic ccmtponnds e*g. 
cavboxylic acids, amino acids and organic bases in the mobilisation 
of certain heavy metals like Pb, Cd, Hi, Bg and Ag vhich are of 
polluting nature using soi l thin layer chromatogmi^y* fhe 
present study may be useful in understanding the behaviour of 
other agroohemicals having similar funotidial groups in the metal 
translocation through soil* 
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mie soil ased in tbese Investigattona wae an jtllitlo 
fine sandy loon (depth 0*30 on) from Allgarh dis tr iot . Its 
l^sieo«-ekseiioai properties were as followst Sand 35»%f!t 
Organio matter 0»409(t P^ 3»6 (it8«9 6oiltvater)t 
«4 «,! •4, 
EC ^«8 X 10 ilioe csi ; CEO i6«? tnecf 100 g f esohangeable 14 Ca 3,5, Hg 1.2, Na 1.0, K 0«5 aioq/100 g . 
9lie soil was dried and grounded to pass trough a 
100 Q»»sti eeivo (S«S«8»)* I t t^a slurried witb dist i l led vater 
and ooated on the glass plates (SO x SO ea) with tho help of a 
oonti3nti(mol fW applieator to giire a aniforei layer of 0.5 wm 
thioicness in eaoh case, fhe plates i^ ere then air dried at rooa 
temperatnre (30 C). "Two lines were sorihed at 3 onS 13 oa from 
the base so that a lo em dletanee ooold he ne«d for development 
in a l l oases. A O.IK nitrate solution of rastals were applied 
at the base line of TW plates as a single spot (0.006 nl) vith 
the help of a niozt^plpette. fhe plates were wrapped with a wet 
strip of f i l ter paper at the hottora of the plates (ahont 8.3 on) 
to prevent dislntlgration of soil and then developed with 
dist i l led water or anended solutions in closed (^anhers. fhe 
developed plates were air dried at roon teaperatnre (30 0) and 
the heavy setals , !%, Ag and Hg were detooted hy spraying O.SfS 
(VA) ethanolio solution of haenatoxylln which gave a violet 
coloured spot. Vhlle Ni and Cd were visualised as red spots hy 
spraying dlnethylglyoixiiBe and t% (W/V) dithisone in OCl^  
Di. 
r««peotiT»ly» fUe heavy netaS iiot>illty, vas neasored in terme 
of R^ Tala«t, which i« a ratio of frontal dietanoo travelled 
hy the netal to ^ a t of the developer i«e« 
S^ •alne • Frontal dietanoe waved hy the metal Frontal dietanee aoved hy the deireloper 
7o etady the effect of organic acids and their He-ealtSi 
amino aoids and organic hasee, an agaons solution of these 
coapoonds t^ith varying concentrations vas taken and used as 
develoner oad the soi l as static i&ase* 
HESOM?S AHD P1S0P881QK 
An examination of tabic 7 sliovs that the mobility of 
heavy aetals through soil with ai:^ without organic matter 
(30?^  Hjt)2 treataent) follows the order, N i> Cd > Hg > Ag > i%, 
fhe re salts are in aceordanoe with the earlier view of Khan 
et a l , ^ and tvmd et al« '^ that the heavy metals move as their 
solnhle iiB«tal»90lf complexes in soi l according to their ion sisse 
(Tahle*!) end complestog nature. The decomposition of soi l 
organic matter enhances the heavy metal mohility to snhstantiate 
IS 
the olay«metal«90M interactions • 
¥he effect of cailiosylic acids on the mobility of heavy 
metals is given in Fig* i and Tables XI to XV which show that 
the mobility increases with increase in the concentration of 
acids. The heavy metal mobility in different acid media follows 
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ttf order fomic > aoettc> oxalio aolds vhloti nay be attrlbuttA 
to the eoXii1»llity of sietal oai1»osylate (Val>le ! ) • fhe relative 
order of their oohility In the acid neaiiim was HIP* Cd > Hg > Ag> 
Fb exoeirt in the oaae of aeetio aolA in vhloh the order heing 
Hg> Cd> Hi> Ag > Pb «hioh i s in tsie reverse order of the 
inetahiXity oonatanta of their aoetato aelte* fhas the ion Glee, 
inatabitity ooaetQnte and solubility of loetal. eailiosylates seen 
to determine the extent of their mobility through soil* 
fhe resnlts were farther verified trith the eodion 
OQi^osylate systems whicm shoirs (Fig* 3 and fables V to VZX) 
that the addition of eodima oerboxylates enhances the heavy 
iMtal nobility approxinotely OQnal to that of earboaeylio aoids* 
fhe translooation in presence of organic acids and their salts 
could be explained by considering the release of heavy aetals 
fron adsorptive s i tes of soi l colloids dae to the preferential 
adsorption of B^ or tf»* resolting the fomation of netal 
eaiboxylates nhich nay novo throngh so i l , fhe probable reaction 
nechanisn can be p;iven as follows t 
fhe oarboxylio acids or Uielv soaiam sal ts ionise to givet 
fhe H^  or Ra replaces the heavy netal ions fron soi l colloids 
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eat 
ntn^h\ • t0* (orNa*) ',' .'^  as (or Ha>-T • M^^ CSgO) 
Xo aoid syetoniSt ttie fi! of t^e to l l deoreoees frats 6«8 tor^ 5*0* 
Tho heoysr taetals reaain ia thoir ioiile foi% eg^ ocfflt>iiiee with 
oair^xy'lote ione oe 
71+- _ ^ I- -I I B * 
ta» 
ftM tsetal.«>oaif>o3Qr1.ate8 (X to XXX) eo forsaed mored 
tbroi^ tlie soli* Bforeover, tbe tncreaeed oonOGntrotion of 
oatljoaylate Ions favours the format ion of -ireXy ohar^ ged tietal 
oaxt>oxsrlate(XXX) uliieli Xowere tbe adsorption of these Bpeoies 
over the •ve s i tes of soil oolXoids and henoe inoreased the 
iBohillty, ffae density of the snrfaoe -ve charge on soil 
oolXolds is also enhanced due to the adsorption of oaifboaorXate 
ifi ions over reactive s i tes as in the case of other anions • 
VhlXe in the case of salt syatens, the pB Inoreased 
from 8*8 to 9«2* Most of the isetaX ions nay he considered to 
reaain in the foris of MOH (aonovaXent), ma* and/or MCOH)^  
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(divalent) vliioii ea» form th@ir respeotive metal cail^oocylatet 
as 
// S - 0 
0 •••• B 
( 
0 M 
<W> (V) 
and/or R • 0 
0 «• H mmmmm Q 
' 0 » » H * 0 - n 
(VI) 
Tbo ti3^rat«fl metalwoarboaQrlates (W to VI) so foniickl c^ ovo tlifou^ 
ths soil* But as ihB salt oonoentratlon increoee^, tbo -Tsly 
ohaxi^a speolss (Tt) msty favourably be fon^S wbleh oatises a 
loirsr prsfarenos ovsr tits soi l colloids oM tbos enbainos the 
nobility* 
9lis offset of sons anino aoids i s given in Fig, 3 and 
Tables Tltt to X whiob sttovs that tbs mobility of hsavy estals 
gsasrally inorsasss vith incrsass in the oonosatration of aaino 
aoids* The ordsr of hsavy -Mtal nobility in so i l s vas found 
to be Talins > Alanlns > Olyoins irhioh i s in aeoordeaoe vith 
17 their onm nobility in soi l ' while ths relative order of the 
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Koliillty of the heavr iMtals in soil vas Nl> H g > A g > C d > F b 
except in the oaee of glycine irbere the order being l l i > Ag> Bg 
Od > Fb« Afi the pR of the soi l solution was alkaline (8*5)» the 
18 OBlno aclde may he expected to reioaln In their anionlo forms 
heoanee i?R > pi (Isoeleotrio point) • IRiese onicmio fome of the 
aiaino aoide m&y oomhine with tho heavy totals as 
0 >0''' 
B-OeSH -C^ • fl(OH)* > H-eHSH - C ^ ^ 
0 ^ " 
(VII) 
¥he instahility ouaetant of those cmtal-^mino ooid 
18 
oonpleKOs were reported in th© reverse order of tlio «obility* 
•The larger wolecnlar sisse of Qsiino ecid x^striotc the odsorptioa 
of it« metal ooBiplex on the interleiaeller Borfeces " and mobilize 
i t fester. Thus, the stability and sisse of heavy metal amino 
acid complex(VII) decide the mobility of these metals in the 
soi l environment* 
the effect of organic bases such as nicotine and pyridine 
on the mobility of htavy metals i s given in Tables XI and Xlf • 
It i s evident that the nicotine and pyridine have no marked 
inflnenoe on the heavy metal translocation in soi ls• Bowever, 
• slight dserease in the mobility i s observed in some cases 
whlott way ^^ attrlbtttcd to the Metalobaee BoXl/olay oonpltx 
format ion* Aa tha piB of the ayatan Ufioii the adldition of these 
haaea renaina atmve 7 (8*3 in our oaae), the lone pair of 
nitrogen najr attract the heany metals throng hydrogen honding 
as follovsi 
m 
I 
(Vfll) 
\ 
«4I ••• B«0«K«>Yn • RgO 
(vbere -^i « L ]l or \ M 
\ 1 
I 7 a 60 i l OOlloids 
Thus, tbe oomples^tion of ii»&tal vitJi bases and soi l oolloids 
t»itToTiitiso tl'e heavy E«ttals in so i l . 
/ 
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ABffFBACT 
Beavy iMtal» sooh a s l ead , oada l in , 8ilTer» nielcal 
and nereaiy a te* eansad anvtroniimntal p o l l a t i o n * fhesa tieavy 
trtetals have lieeii reof^sleed f o r iBany yeer8» l»iit i t tiae noa 
beoome a n a t t e r of nat iona l oonoero* They deposited in s o i l s 
fsy ^ana of smtng^ slaHgef fertilizer impurities etc* and oa» 
enter food obain of isen and animals* 
The nobility of these heavy ^ t a l s in soi l plays a 
vi tal role in determining their effioienoy potential for crop 
damage end environmental pollution* 
The vorle va the isohility of stioh metals in soi ls i s 
lacking in literature so i t vas ooneidered to tn^ertalee the 
ostcdies on the inflnenoe of organic aoids and bases on the 
mobility of sone heavy metals through Aligazfe soi l by soi l thin 
lay^r ohronatograi^** 
ft was found that the organic aoids i«e« fomiiOy aoetio 
and 03cali0| anino aoids i»e* glyoine» alanine and valine have 
inoreased the nobility of heavy netals* Bowever, no nailed 
inflnenoe oould be observed in the ease of ox^anio bases i«e* 
niootlne and pyridine* The results have been explained on the 
basis of reaction nsohanimi of complex fomation, their stabi l i ty , 
molecular s ise , pSi and the nature of the heavy netals in soi l 
solutions* 
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Z . H . ColJ ege o f Enggc & Tech . 
A . n . U . A l i g a r h - 202001 
( U t t a r Pracinsh) 
Dear D r . Khan, 
P lease r e f e r to your l e t t e r o f Harch 14 , 1984 
r e g a r d i n g your paper e n t i t l e d "The i n f l u e n c e o f o r g a n i c 
Ac ids and bases on t h e m o b i l i t y o f some heavy me tg l s 
t h r o u g h d l i g a r h s o i l " . I am to i n f o r m you t h a t t h e 
paper has been recommended f o r p u b l i c a t i o n s u b j e c t to 
e d i t i n g / minor r e v i s i o n s e t c . S ince ue a re s t i ] ] busy 
u i t h f i n a l l y p r o c e s s i n g the papers r e c e i v e d up to mid 1982 
o n l y t h e e d i t e d m a n u s c r i p t u i l l be s e n t to you f o r f a i r 
t y p i n g ( i f n e c e s s a r y ) i n 3 to 4 mon ths . I r e q u e s t you to 
k i n d l y u a i t t i ] ] t h e n . Mo i n t e r i m e n q u i r y i s necessa ry 
as t h e paper u i ] 1 appear a c c o r d i n g t o i t s dur p r i o r i t y 
d a t e . 
Yours s i n c e r e l y , 
Ghosh ) 
iBiGBBAL tmmmo's'mn 
